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We assessed the separate and combined effects of hepatitis B virus (HBV), hepatitis C virus
(HCV), and aflatoxin in causing hepatocellular carcinoma (HCC) in Qidong, China. A
consecutive series of 181 pathologic-diagnosed HCC cases were studied for hepatitis B
surface antigen (HBsAg), anti-HBc, HBV X gene sequence, anti-HCV, the 249ser-p53 mu-
tation, and chronic hepatitis pathology. Each of the 181 incident HCC cases had markers for
HBV infection and hepatitis pathology; only 6 of 119 cases were coinfected with HCV. The
249ser-p53 mutation was found in 54% (97/181) of HCC cases and in all 7 cases with tissue
for analysis from the hepatitis cohort but in none of 42 matched cases from Beijing. The
estimated cumulative dose of aflatoxin B1 in these 7 cases ranged from 0.13 to 0.49 mg/kg.
Follow-up data through 13.25 years on a cohort of 145 men with chronic HBV hepatitis
showed that the relative risk from aflatoxin exposure was 3.5 (1.5-8.1). A similar relative risk
was found using 249ser-p53 mutation as a marker for aflatoxin exposure. In conclusion,
HBV hepatitis is ubiquitous in Qidong HCC cases, whereas HCV contributes little to its risk.
The 249ser-p53 mutation appears to result from coexposure to aflatoxin and HBV infection.
Even modest levels of aflatoxin exposure tripled the risk of HCC in HBV-infected men.
(HEPATOLOGY 2002;36:1214-1220.)

See Editorial on Page 1046

Hepatocellular carcinoma (HCC) is the second
most common cancer and kills 300,000 or more
people each year in China.1,2 The close linkage

of hepatitis B virus (HBV) to HCC was largely established
in epidemiologic studies based on the detection of HBV

surface antigen (HBsAg) in sera. In Qidong, China, about
16% of the adult population are seropositive for HBsAg.
This marker is not present in every person infected with
HBV, however. Early studies had shown that many HB-
sAg seronegative HCC patients in Qidong had evidence
of HBV infection determined by immunohistochemistry3

or by molecular hybridization in European cases.4 Fuji-
moto et al.5 reported that 23 of 26 HCC cases from Qi-
dong were HBV positive by Southern blot analysis,
including 3 HBsAg seronegatives. Paterlini et al.6 had
shown by reverse transcriptase polymerase chain reaction
assays that HBV X gene-related transcripts were often
found in the diseased and normal hepatic tissues of HB-
sAg-negative HCC patients. In Japan, many HCC cases
attributed to hepatitis C virus (HCV) were found to have
markers of HBV infection.7-9 Zhang et al.10 reported that
PCR analysis of 21 HBsAg seronegative HCC cases in
Qidong revealed HBV X gene sequence in the HCC
DNA of every case. A recent cohort study in Qidong also
showed that HBV worked synergistically with aflatoxin,
HCV, and family history to significantly enhance HCC
incidence.11 Using an extensive set of assays, we sought to
determine whether HBV infection is virtually ubiquitous
in HCC cases in Qidong. Such a finding would have
implications for understanding the carcinogenic process
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and for strengthening the nationwide HBV vaccination
program in China and possibly in other endemic regions.

Exposure to environmental aflatoxin has long been im-
plicated as a risk factor for HCC. Studies of individual
levels of aflatoxin in regions with varying HCC risk
strengthened the evidence for this association.12,13 The
combination of HBsAg positivity and detectable urinary
aflatoxin has been shown to increase the risk of HCC
synergistically.14,15 A missense mutation of codon 249 of
the p53 gene that changes arginine into serine (249ser-
p53) has been found frequently in HCC cases in areas
where HBV and aflatoxin exposure were known risk fac-
tors.16,17 Epidemiologic evidence suggested that this hot-
spot mutation was strongly associated with and
attributable to dietary exposure to aflatoxin.18-20 How-
ever, recent studies in Qidong showed that the high fre-
quency of 249ser-p53 might reflect the action of aflatoxin
exposure mainly in persons infected with HBV.10 Consis-
tent with the notion that HBV sensitizes hepatocytes to
the mutagenic effects of aflatoxin was the finding that
HCC in HBV-free monkeys fed high doses of aflatoxin
did not exhibit 249ser-p5321 and that this mutation re-
mains prevalent in HCC cases in Qidong despite dietary
changes that might reduce aflatoxin exposure in recent
decades.22 The sensitization hypothesis was also sup-
ported by the findings that HBV X gene inhibited DNA
repair23 and p53-mediated apoptosis24 and enhanced the
frequency of aflatoxin-induced 249ser-p53 mutations.25

In this study, we undertook molecular epidemiologic in-
vestigations to clarify whether the high prevalence of
249ser-p53 mutations in HCC cases in Qidong was
caused by the combined effect of HBV and aflatoxin
rather than by aflatoxin alone.

To quantify the effects of HBV, HCV, and aflatoxin
on HCC risk in Qidong, we relied on 3 sources of data:
(1) molecular studies, including assays for the 249ser-p53
mutation, on 181 consecutive incident HCC cases; (2)
measurement of absolute and relative risks of HCC from
aflatoxin exposure in a cohort of 145 men with chronic
HBV hepatitis; and (3) estimates of attributable risk from
aflatoxin among HBV-infected men based on the 249ser-
p53 mutation prevalence in incident HCC cases and on
urinary measurements of the aflatoxin metabolite AFM1
in Qidong.

Patients and Methods

Study Populations. A consecutive series of 181 inci-
dent cases of HCC collected from 1994 to 2000 in the
Qidong Liver Cancer Institute in Qidong, Jiangsu Prov-
ince, China, were diagnosed pathologically and analyzed
for HBV and HCV infection status as well as for the

presence of 249ser-p53 mutations. In HBsAg-negative
HCC cases, assays were conducted to detect antibodies to
HBV core antigens (anti-HBc) and/or to detect the HBV
X gene sequence. A random sample of 287 sera, collected
in a screening survey in Qidong in 1992, was analyzed by
radioimmunoassay (RIA) for HBsAg and by Abbott’s en-
zyme immunoassay (EIA) for antibodies to hepatitis C
virus (anti-HCV).

We also continued the follow-up to 13.25 years for
incident HCC cases in a cohort of 145 HBsAg-positive
men with chronic hepatitis and measured aflatoxin expo-
sure as well as HCV, family history, and alcohol con-
sumption status.11 They had been enrolled and followed
at the Qidong Liver Cancer Institute since August 1,
1988. The relative risk of HCC from aflatoxin exposure
among these HBV-infected men was calculated directly
from the incidence rates in the exposed and unexposed
men in this cohort. Pathologic samples were available for
measuring the 249ser-p53 mutation from 7 of the 31
patients who developed incident HCC in this cohort, and
data were available on each individual’s annual average
urinary excretion of the AFM1 metabolite of aflatoxin
from a pool of at least 8 monthly samples taken in 1987.
We compared the prevalence of 249ser-p53 in these 7
HCC patients with that of 42 ethnicity-, age-, and gen-
der-matched (6:1 matching) HBsAg-positive HCC pa-
tients in Beijing, who were pathologically diagnosed in
the same time period in the Cancer Hospital, Chinese
Academy of Medical Sciences (CAMS) in Beijing. In-
formed consent was obtained from each patient involved,
and the study protocol was approved by institutional re-
view boards.

Laboratory Methods. Serum HBsAg in Qidong pop-
ulation was measured using a RIA provided by the Beijing
Blood Product Research Institute. Sera in HCC patients
in Qidong were analyzed for HBsAg by Abbott AxSym.
Anti-HBc and anti-HCV from available frozen (�25°C)
sera were also detected in parallel by the Abbott AxSym
systems in the Cancer Hospital of CAMS. HBV X gene
sequences were detected by nested PCR of the extracted
DNA from HCC tissues,10 and the amplified DNA was
sequenced to identify structural features. The 249 codon
mutation status of the p53 gene of the HCC DNA was
identified from its HaeIII digestion profile17 following
PCR of the 7th exon of p53 and checked by DNA se-
quencing in randomly selected cases. The presence of
chronic hepatitis was identified by pathologic diagnosis.
Exposure to aflatoxin in patients with chronic HBV hep-
atitis in Qidong was assessed by measuring AFM1 with
high-performance liquid chromatography in immu-
noconcentrated pooled urine collected monthly over a
12-month period in 1987.11 To estimate daily aflatoxin
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B1 intake (in �g/d) from urinary concentrations of
AFM1 (in ng/L), we assumed that each subject produced
1 liter of urine daily and multiplied the AFM1 concentra-
tion by 50, based on published conversion ratios.12,26,27

The cumulative dosage of aflatoxin was calculated by
multiplying the daily AFB1 intake by the age (in days) at
HCC diagnosis, and the cumulative dose per kilogram
body weight was based on an assumed weight of 60 kg.

Statistical Methods. To estimate the age-specific in-
cidence rates of HCC in HBsAg-positive men in Qidong,
the age-specific HCC incidence rates in the male popula-
tion were obtained from published sources28 and adjusted
for HBsAg prevalence in the HCC patients’ series and in
the general population of Qidong. In particular, the esti-
mated incidence of HCC in HBsAg-positive men (Table
3) was calculated as the age-specific HCC incidence in the
male population (column 2) times the age-specific preva-
lence of HBsAg in HCC patients (column 3) divided by
the corresponding age-specific prevalence of HBsAg in
the general population (column 4). We obtained a 95%
confidence interval on the incidence by analyzing its log-
arithm, which is based on the 3 statistically independent
quantities in columns 2, 3, and 4 (Table 3). The variances
of these quantities can be estimated by noting that col-
umns 2, 3, and 4 correspond respectively to Poisson, bi-
nomial, and binomial variates. Applying the delta
method29 and assuming that the logarithm of the inci-
dence is normally distributed, we obtain a 95% confi-
dence interval for it and, by exponentiation, for the
incidence itself.

Confidence intervals and P values for odds ratios in
2 � 2 contingency tables were based on the exact condi-
tional likelihood and on Fisher exact test30 for indepen-
dent samples. Tests of equality of proportions in matched
samples were based on the method of Mantel and Haen-
szel,31 with each matched set regarded as a separate stra-
tum. Estimates of relative risk and attributable risk are
based on formulas 2.14 and 2.15, respectively, in The
Analysis of Case-Control Studies.32 Numbers separated by a
hyphen in parentheses represent 95% confidence inter-
vals. P values were based on 2-sided tests

Results

Prevalence of HBV Hepatitis in 181 Incident HCC
Cases in Qidong. The incident HCC series consisted of
145 (80%) men and 36 (20%) women. Ages ranged from
27 to 74 years. There were 138 (76%) aged 35 to 54 years
and 24 (13%) aged 55 to 64 years.

Of the 181 patients tested for HBsAg by the Abbott
AxSym, 171 (94%) were seropositive. Corresponding re-

sults for other tests were 128/128 (100%) for anti-HBc
and 6/119 (5.0%) for anti-HCV, as shown in Table 1.

Of the 10 HCC cases that were HBsAg-negative by the
Abbott AxSym, all had 1 or more markers indicative of
HBV infection. In the 8 cases in which sera were available
for further tests, there were signs of infection evidenced by
both anti-HBc positivity and presence of HBV X gene
sequence. In each of the remaining 2 HCC cases (94-05,
95-33), for whom sera were not available for anti-HBc
assays, the HBV X gene sequence was detected by PCR
and confirmed by sequencing of the HCC DNA (Fig. 1).
HBV X gene sequence from 2 (94-19, 96-18) of the 8
cases with positive anti-HBc but negative HBsAg assays
are also shown in Fig. 1. Each detected sequence in Fig. 1
has distinguishing features but bears common variants at
codons 130 (nt 1,763-1,765) and 131 (nt 1,766-1,768).
These variants had been reported to be quite prevalent in
samples from Qidong.33,10 The anti-HBc assay was posi-
tive in every case examined, including 120 HBsAg-posi-
tives and 8 HBsAg-negatives.

Thus, all 181 of the pathologic-confirmed HCC cases
in this consecutive series in Qidong were associated with
markers of HBV. In particular, all 97 cases with 249ser-
p53 mutations had evidence of HBV infection, including
5 who were HBsAg-negative by the Abbott AxSym. Re-
lying only on conventional serologic assays for HBsAg
would lead to an underestimate of the strength of the
association of HBV with HCC in this population. Pathol-
ogy of the nontumorous liver tissues from resected HCC
samples showed features of chronic hepatitis in all 181
HCC cases. There were various amounts of inflammatory
cells in the periportal areas, spotty or patchy necrosis, and
bridging fibrosis or cirrhosis. Therefore, HBV-related
hepatitis was ubiquitous in this consecutive series of HCC
cases.

Sera from 119 HCC cases were tested for HCV, and
5% (6/119) had detectable anti-HCV antibodies (Table

Table 1. Prevalence of Markers for HBV Infection, HCV
Infection, 249ser-p53 Mutation, and Chronic Hepatitis in

HCC Cases From Qidong, China

Viral/Genetic
Marker

Prevalence

Proportion Percentage

Serum HBsAg* 171/181 94
Anti-HBc* 128/128 100
HBV marker/s† 181/181 100
Serum anti-HCV* 6/119 5
249arg/ser-p53 97/181 54
Chronic hepatitis‡ 181/181 100

*Using Abbott AxSym systems for the relevant marker.
†Positive if any of the markers mentioned in the text is positive.
‡Pathologically diagnosed.
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1). The prevalence of anti-HCV in the general male pop-
ulation of Qidong was estimated to be 1.1% (3/287). In
contrast, the prevalence of HBsAg in male HCC cases in
Qidong was found to be 95% (137/144), and its preva-
lence in the general male population was 15.7% (45/287).
The odds ratio for HCV exposure in males comparing
HCC cases with the general male population was (6/113)/
(3/284) � 5.03, which is much smaller than the odds
ratio for HBsAg in men with HCC compared with the
general population, (137/7)/(45/242) � 105. Moreover,
each of the 6 HCC cases infected with HCV was also
infected with HBV. Therefore, even though HCV may
increase HCC risk among HBsAg-positive individuals
(11), the rarity of HCV in this population and its com-
paratively modest odds ratio imply that only a small pro-
portion of HCC risk is attributable to HCV in Qidong.

Prevalence and Etiology of the 249ser-p53 Muta-
tion in HCC. The 249ser-p53 mutation was identified
in 54% (97/181) of the incident HCC cases in Qidong
(Table 1). The prevalence of 249ser-p53 in Qidong was
similar in men (79/145, 54%) and women (18/36, 50%).
As mentioned previously, all 97 of the HCC cases with a
249ser-p53 mutation had laboratory evidence of HBV
infection, including the 5 cases who were HBsAg-negative
by the Abbott AxSym. It is not surprising, therefore, that
the 249ser-p53 prevalence was similar in the HBsAg-pos-
itive and HBsAg-negative HCC cases. Five (50%) of the
10 HBsAg-negative HCC cases had the 249ser-p53 mu-
tation.

To understand the high prevalence of the 249ser-p53
mutation in HCC cases in Qidong, we examined the
updated follow-up data in a cohort of 145 men with
chronic HBV hepatitis and measured aflatoxin exposure11

and looked for 249ser-p53 mutations in accumulating
incident HCC cases with tissue samples. Baseline studies
in 1987 and 1988 revealed that urinary AFM1 concentra-

tions in pooled multiple urine samples exceeded the
threshold of detection, 3.6 ng/L, in 78 (54%) men.
Twenty-four (77%) of the 31 incident HCC cases arising
in this cohort through October 31, 2001, had baseline
urinary AFM1 concentrations above 3.6 ng/L. Typically,
fewer than 10% of HCC cases in Qidong receive surgical
treatment. Thus, it is not surprising that tissue samples
were available to assay for 249ser-p53 in only 7 of these 31
incident cases. Each of these 7 surgical cases, aged 30 to 50
years, was found to have a 249ser-p53 mutation and to
have AFM1 levels well above 3.6 ng/L (Table 2). Two of
these 7 patients had recurrent HCC in the 7th and 9th
year after the first surgical resection. Samples of HCC
from the second operation also carried the 249ser-p53
mutation in contrast to none of 42 ethnicity-, gender-,
and age-matched HBsAg-positive HCC patients in Bei-
jing, where exposure to aflatoxin is much less fre-
quent,12,13 who had the mutation (P � .0001). This
comparison suggests that HBV alone is not sufficient to

Fig. 1. Alignment of HBV X gene
sequences from HBsAg sero-nega-
tive HCC cases from Qidong, China.
*Sequence of HBV X gene segment
(nt.1595 to 1774) of HBV from the
gene bank.35 **Sequence of HBV X
gene from a HCC sample from Qi-
dong, China.33

Table 2. Aflatoxin Exposure and p53 Mutation in 7 Incident
HCC Cases in the Qidong Hepatitis Cohort

Age
(yr)

Average of
AFM1

in Urine
(ng/L)

AFB1
Exposure
Estimated
(�g/d)*

Cumulative
Dosage

(mg/kg)*

Genetic
Marker in
HCC DNA

43 37.5 1.88 0.49 249ser-p53
45 30.9 1.55 0.42 249ser-p53
49 24.9 1.25 0.37 249ser-p53
50 20.5 1.03 0.31 249ser-p53
30 18.6 0.93 0.17 249ser-p53
46 10.4 0.52 0.15 249ser-p53
49 8.4 0.42 0.13 249ser-p53

NOTE. The estimated aflatoxin B1 intake is obtained by multiplying the urinary
AFM1 concentration by 50. This conversion ratio is based on the assumption that
each subject produces 1 L of urine per day and on published conversion
data.11,26,27

*Based on a weight of 60 kg.
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induce a 249ser-p53 mutation and that either aflatoxin
alone or aflatoxin with HBV infection causes such muta-
tions in HCC in Qidong. In either case, aflatoxin expo-
sure is the common etiologic factor. The ubiquitous
existence of HBV infection marker/s, both viral and
pathologic, in all of the 97 HCC cases bearing 249ser-p53
supported the notion that the high prevalence of the
249ser-p53 mutation in HCC cases in Qidong is indica-
tive of the carcinogenic effect of aflatoxin exposure in the
presence of chronic HBV infection. The lack of even a
single HCC case with a 249ser-p53 mutation but without
markers of HBV infection indicated that aflatoxin alone
in the dosage encountered might not be sufficient to cause
HCC in Qidong.

These 7 incident HCC cases had modest urinary con-
centrations of AFM1, corresponding to daily aflatoxin
intakes ranging from 0.42 to 1.88 �g/d (Table 2). From
these values and from ages at diagnosis, we calculated the
cumulative dose of aflatoxin B1 to be in the range of 0.13
to 0.49 mg/kg body weight (assumed to be 60 kg). This
level is approximately 3 orders of magnitude lower than
the dose that causes HCC in rhesus monkeys,34 who were
not infected with HBV. Seventy-one percent (17/24) of
the incident HCC in the exposed cohort (78 men with
AFM1 �3.6 ng/mL) had average urinary AFM1 concen-
trations below 40 ng/L. These data are consistent with the
hypothesis that HBV infection greatly sensitized the in-
fected hepatocytes to the carcinogenic effects of aflatoxin.
Among the 78 cohort members with urinary AFM1 levels
above 3.6 ng/L, 26 had urinary AFM1 concentrations
above 40 ng/L. Among them, 23% (6/26) developed
HCC in the follow-up period, compared with 35% (18/
52) of the men with urinary AFM1 concentrations below
40 ng/L but above 3.6 ng/L. Thus, among men exposed
to aflatoxin, there was no statistically significant differ-
ence in HCC incidence between these 2 groups (P � .54),
and, in fact, those with lower urinary AFM1 levels had a
slightly higher HCC incidence. This perturbation of the
expected dose-response relationship may reflect sensitiza-
tion of hepatocytes by HBV infection to the extent that
even very low exposures to aflatoxin confer HCC risk.

Estimation of the Relative Risk and Attributable
Risk From Aflatoxin in Qidong. After 13.25 years of
follow-up, 24 of the 78 men in the chronic HBV hepatitis
cohort with baseline AFM1 above 3.6 ng/L developed
HCC, compared with 7 of 67 men with AFM1 below this
threshold. The incidence rate of HCC in the exposed
cohort (AFM1 �3.6 ng/L) was 24 cases/782 person-
year � 3,069 � 10�5 per year, compared with 7 cases/
796 person-year � 879 � 10�5 per year in the unexposed
cohort. The corresponding relative risk for aflatoxin ex-
posure among HBV-infected men was 3,069/879 � 3.5

(1.5-8.1), and the attributable risk was 57% (16%-72%).
These results confirm and make more precise previous
estimates of relative and attributable risk from aflatoxin.11

There was no statistically significant difference in the in-
cidence of fatal cirrhosis between those above the detec-
tion threshold for aflatoxin of 3.6 ng/L, 7/78, and those
under that threshold, 5/67, (P � .74).

We used data on the 249ser-p53 mutation in a second
approach to quantify the effects of aflatoxin in Qidong.
The prevalences of 249ser-p53 in the incident male HCC
series were 55% (33/60), 62% (31/50), and 42% (8/19)
in the age ranges 35 to 44, 45 to 54, and 55 to 64, respec-
tively. These proportions are indicated in the solid por-
tion in Fig. 2, which depicts HCC incidence rates in
HBsAg-positive men in Qidong. These incidence rates,
which are shown in column 5 of Table 3, are calculated as
age-specific male incidence rates28 times the HBsAg prev-
alence in 129 male HCC patients (column 3) divided by
the corresponding age-specific HBsAg prevalence in 287
men from general population (column 4). These data
suggest that aflatoxin played an etiologic role together
with HBV in a large proportion of the HCC cases in
Qidong. To calculate the attributable risk from aflatoxin
in HBV-infected men, we assumed that cases with the
mutation had been exposed to aflatoxin levels such that
urinary AFM1 concentrations exceeded 3.6 ng/L,
whereas cases without the mutation had lower or no ex-
posure. We also used an estimate of the prevalence of
exposure to aflatoxin (AFM1 �3.6 ng/L) derived from a
small survey13 of 40 men in the general population of
Qidong in 1983, namely 27.5% (11/40). We note that
this estimate is quite consistent with a prevalence of afla-
toxin exposure of 55.8% in male HCC cases (based on

Fig. 2. Age-specific incidence of HCC in HBsAg-positive men of
Qidong. Solid represents the fraction with a 249ser-p53 mutation.
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245ser-p53 mutation data) and with a relative risk of 3.5
(as in the hepatitis cohort), which together imply a prev-
alence of exposure in the control population of 26.5%.
The resulting estimates of relative risk were 3.2 (1.3-8.4),
4.3 (1.6-11.8), and 1.9 (0.52-6.9) in the age ranges 35 to
44, 45 to 54, and 55 to 64 years, respectively. The corre-
sponding attributable risks were 38% (15%-56%), 48%
(22%-65%), and 20% (0%-48%), respectively. These at-
tributable risks are smaller (though not statistically signif-
icantly so) than for the hepatitis cohort mainly because
the proportions exposed to AFM1 �3.6 ng/L are smaller
in the general population (27.5% vs. 54%).

Discussion
Each of the 181 incident HCC cases in this consecutive

series from Qidong arose in association with HBV hepa-
titis, as determined by pathologic examination and by
testing for HBsAg, anti-HBc, and HBV X gene se-
quences. Previous studies based only on HBsAg could
underestimate the essential role of HBV infection in
hepatocarcinogenesis in Qidong. In contrast, anti-HCV
antibodies were detected in only 5% of the HCC cases
tested, each of whom was also infected with HBV, and the
odds ratio associated with HCV was 20-fold lower than
that for HBV. Thus, HBV is the predominant predispos-
ing factor for HCC in this population.

HBV poses a high level of risk for HCC by itself (odds
ratio 105), and joint risks from exposure to other factors,
such as a positive family history, HCV infection, and
aflatoxin, were found to be even higher in a previous study
of the cohort of men in Qidong with hepatitis.11 We were
particularly interested in studying aflatoxin as a cofactor
of increased HCC risk in HBV-infected subjects because
of the potential to control aflatoxin exposure in the size-
able HBV-infected population in Qidong and other areas
of high prevalence. Ninety-seven (54%) of the 181 inci-
dent HCC cases in Qidong carried the 249ser-p53 muta-
tion, a marker for joint exposure to HBV and aflatoxin,
whereas this marker was not found in any of the 42
matched HCC cases from Beijing, where persistent afla-
toxin exposure is infrequent.12,13

We analyzed recent follow-up information from a co-
hort of 145 men with chronic HBV hepatitis. We defined
a subject as exposed to aflatoxin if the urinary AFM1
concentration exceeded 3.6 ng/L. Aflatoxin exposure was
associated with a relative risk of 3.5 (1.5-8.1) and an at-
tributable risk of 57% (16%-72%) in this cohort.

It is tempting to interpret the 249ser-p53 marker data
in Fig. 2 as indicating that about half the HCC in the
general population of Qidong is attributable to aflatoxin
acting on HBV-infected persons. More formal analyses
found in the Results section indicate that aflatoxin and
HBV coexposure may account for perhaps 40% of HCC
incidence in the general population of Qidong in the age
range 35 to 54 years, in which most cases occur.

Efforts to control aflatoxin exposure must take into
account the evidence suggesting that HBV sensitizes
hepatocytes to the carcinogenic effects of aflatoxin. Each
of the 7 incident HCC cases in the hepatitis cohort who
were assayed for 249ser-p53 was found to carry the mu-
tation, and their baseline aflatoxin B1 intakes ranged from
0.42 to 1.88 �g/d. The cumulative intakes up to the age
of HCC diagnosis were calculated to range from 0.13
mg/kg to 0.49 mg/kg, assuming a weight of 60 kg. These
levels are about 1,633- to 415-fold lower than required to
induce HCC in HBV-free rhesus monkeys, for whom a
carcinogenic dose was reported to be 245 mg/kg via oral
administration.34 Similar levels of cumulative aflatoxin
intake were found for the majority of incident HCC cases
in the members of the hepatitis cohort with baseline
AFM1 concentrations above 3.6 ng/L, substantiating that
HBV infection can sensitize human hepatocytes to the
effects of aflatoxin at low dosage. This dosage is below the
5 ppb dietary contamination level used as a standard by
the World Health Organization and Chinese. For pa-
tients with chronic HBV hepatitis, a small percentage of
the population, it seems prudent to recommend foods low
in aflatoxin and to monitor urinary AFM1 levels.
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